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EXECUTIVE SUMMARY 
The Illinois Department of Transportation (IDOT) surveys every state-maintained 
roadway in a two-year cycle.  Images of the roads are collected digitally and viewed at 
workstations in the office.  The five predominant distresses and their severities are 
determined and inputted into software that calculates a Condition Rating Survey (CRS) 
value, using models determined through previous research.  The object of Phase 2 of this 
project was to revise the existing models and develop new models for pavement types that 
currently do not have models. 
All calculation models currently in use by IDOT were revised and new models were 
developed using 2005 data, including all state-maintained roadways surveyed in 2004 and 
2005.  Models were validated using 2003 and 2006 data, including roadways surveyed in 
2002, 2003, and 2006. 
The model form used consists of determining CRS as a function of roughness, 
rutting and faulting (where appropriate), and recorded distresses and severities.  Multiple 
linear regression is used to develop the models.  The CRS value begins at a constant value 
determined by the regression and is reduced depending on the distresses and severities 
recorded for a given pavement section.  One of the objectives of the research was to 
determine if the constant value could be forced to equal 9.0, the maximum CRS used by the 
Department, without compromising the accuracy of the models. 
When the research was completed, eight existing models were revised and three 
new models were developed.  Also, eight of the models use 9.0 as the intercept, while not 
compromising accuracy. 
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1. INTRODUCTION 
Phase 2 of the Condition Rating Survey (CRS) project includes the development of 
CRS calculation models for surface types that currently have no models, and revision of 
existing models using up-to-date data.  This report summarizes the data obtained from the 
Illinois Department of Transportation (IDOT), the modeling process, and the models 
developed for IDOT.  The models chosen for implementation by the Technical Review Panel 
(TRP) overseeing the project are also presented. 
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2. THE DATA 
This section details the preparation of the Illinois Roadway Information System (IRIS) 
database data for use in model development.  Data preparation includes obtaining and 
cleaning the data, identifying the distress characteristics and data limitations, and grouping 
the data for model development. 
2.1 DATA OBTAINED 
IDOT provided three data files from IRIS to accomplish this phase of the project.  
Table 1 lists the databases and CRS surveys included in each file. 
Table 1.  Databases Provided by IDOT 
Database Year CRS Surveys Included
2003 2002 and 2003 
2005 2004 and 2005 
2006 2005 and 2006 
 
CRS surveys are performed on state jurisdiction roads in the state, every year, on 
alternating halves of the state.  Because of this, every year’s IRIS file contains two years’ 
worth of CRS surveys, encompassing all roads.  Although the 2006 file contains the CRS 
ratings from 2005 and 2006, only the 2006 ratings were retained to avoid duplication of data 
from the 2005 database. 
The first step in data preparation is to consolidate the records down to a more 
manageable size.  IRIS contains fields for approximately 150 items, including items that 
pertain to the roadway’s physical characteristics, location, functional classification, and 
many other types of items.  A change in any of these items causes a break in the section, 
and an additional record in the database.  Only fields pertaining to pavement type and 
condition were needed for this project.  The following items were used to perform this study: 
 
• District 
• County 
• Key Route 
• Begin Station 
• End Station 
• Length 
• Marked 1 
• Surface Type 
• CRS Year 
• CRS Month 
• CRS 
• Pavement Distress 
• Rut Depth 
• IRI 
• Faulting Height 
The first seven items are all related to the physical location of a roadway section.  
The remaining records pertain to the pavement type and condition of the roadway.  Records 
that were identical, except for beginning and ending station and length, were identified.  
Consolidation was accomplished by creating one record from the identical records, using the 
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lowest beginning station and highest ending station, and totaling the length.  This allowed 
the data files to be consolidated down considerably.  
Appendix A shows the surface types, number of records, and number of miles 
contained in each database, as well as the definitions of the surface type codes.  While the 
definitions in Appendix A use “bituminous,” the term “asphalt” is used throughout this report. 
2.2 DATA CLEANING 
In every database, there are some errors and inconsistencies that need to be 
removed to have the best data set possible.  Records were removed from all three 
databases that had the following characteristics: 
 
• Concrete surface type with asphalt distresses recorded 
• Asphalt surface type with concrete distresses recorded 
• CRS = 0 (i.e. not collected) 
• CRS = 9.0 (no sensor data or distresses) 
• CRS less than 9.0 with no distresses or sensor data recorded 
 
Because the models are a function of evident distresses and sensor data, the 
records with a CRS equal to 9.0 were removed, as well as other sections with no sensor 
data or distresses.  Table 2 shows the number of records removed from each database. 
Table 2.  Data Cleaned from 2003, 2005, and 2006 Databases 
Database # Records Removed # Records Remaining # Miles Remaining 
2003 2,265 9,138 14,108.62 
2005 1,717 9,556 14,842.08 
2006 1,079 4,738 8,154.69 
 
The largest amount of data was removed from the databases due to either CRS 
equaling 9.0 or having no distresses and sensor data recorded.   
2.3 DATA USED FOR MODEL DEVELOPMENT 
For most pavement types, models were created using the 2005 database only.  
Because of the two-year cycle of the CRS rating process, this represents one survey of 
each section of roadway in the state.  The 2005 database had an insufficient amount of data 
for model creation for the following pavement types: 
 
• Interstate asphalt concrete pavements (ACP) 
• Other marked and unmarked asphalt concrete pavements  - low type 
(ACPLT) 
• Other marked and unmarked continuously reinforced concrete pavements 
(CRCP) 
In those instances, the 2003 database and 2006 database (when it became 
available) were combined with the 2005 database for model development.  The 2003 and 
2006 databases were used to validate the new and revised models for all other pavement 
types. 
2.4 DISTRESS DATA CHARACTERISTICS 
In the IRIS database, distresses are recorded as a letter and number combination.  
The letter indicates the type of distress and the number indicates severity of the distress, 
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with 1 being the lowest severity of distress.  Table 3 contains the percentage of records that 
contain each distress in the 2005 database, as well as the average and range of each 
distress value. 
Table 3.  2005 Database CRS and Distress Frequency, Average, and Range 
Distress 
Type 
CRS/ 
Code Distress 
Records 
with 
Distress 
Average 
Value 
Range of 
Values 
All CRS  100% 6.4 1.0 – 8.9 
 IRI from vans 100% 143 0 – 998 
 Faulting from vans 100% 0.01 0 – 0.66 
 Rutting from vans 100% 0.11 0 – 3.72 
Concrete A D-Cracking 1.20% 2.9 1 – 5 
 B Transverse Cracking 8.79% 3.0 1 – 5 
 C Joint Deterioration 5.61% 2.6 1 – 4 
 D Centerline Deterioration 5.91% 1.9 1 – 3 
 E Longitudinal Cracking 2.30% 2.5 1 – 4 
 F Edge Punchouts 0.60% 2.1 1 – 3 
 H Corner Breaks 2.93% 1.9 1 – 3 
 I Map Cracking/Scaling 0.65% 2.1 1 – 3 
 J Popouts/High Steel 4.19% 2.1 1 – 3 
 K Permanent Patch Deterioration 1.59% 1.9 1 – 4 
Asphalt L Alligator Cracking 17.87% 2.2 1 – 4 
 M Block Cracking 38.37% 2.3 1 – 4 
 O Transverse/Joint Ref. Cracking 74.84% 2.6 1 – 5 
 P Overlaid Patch Ref. Cracking 2.87% 2.5 1 – 5 
 Q Long./Center of Lane Cracking 48.60% 2.3 1 – 5 
 R Reflective Widening Crack 12.57% 2.6 1 – 5 
 S Centerline Deterioration 69.43% 2.1 1 – 4 
 T Edge Cracking 21.67% 2.2 1 – 4 
 U Permanent Patch Deterioration 1.43% 2.0 1 – 4 
 V Shoves/Bumps/Sags/Corrug. 1.41% 2.2 1 – 3 
 W Weather./Ravel./Seg./Oxid. 5.36% 2.0 1 – 4 
 X Reflective D-cracking 0.67% 2.4 2 – 3 
 
Distresses G and N are not shown because they duplicate the sensor data from the 
vans (faulting and rutting).  The concrete distresses are seen far less frequently than the 
asphalt distresses because bare concrete pavement mileage amounts to only 8% of the 
entire state system, as seen in Appendix A.   
For concrete pavements, Distresses B, C, and D appear most often, while F and I 
are less frequently recorded.  For asphalt pavements, Distresses O, S, and Q appear most 
often, while X, U, and V are less frequent.  Distresses that appear more frequently in the 
database are more likely to be included in the CRS calculation models. 
The average value of the distresses is generally between 2.1 and 2.5, regardless of 
the range of severity for a particular distress.  The range of distresses seen is identical to 
the allowable range for each distress.  This indicates that every combination of distress and 
its corresponding severity is recorded at least once. 
Appendix B includes frequency, average, and range tables for the 2003 and 2006 
databases.  Appendix B also contains the definitions of the distresses and their 
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corresponding range of severities.  The frequency of distresses recorded in the 2005 
database is consistent with that of the 2003 and 2006 databases. 
There are some limiting factors to the use of distress data from IRIS.  The most 
significant limitation is due to how the distress information is collected.  Because only the 
five most predominant distresses are recorded, there are many pavement sections for which 
the distress data is incomplete.  Less frequent or less severe distresses are not recorded.  
Even though a distress may be present on a pavement section, if it was not one of the top 
five, it is assumed to be zero for modeling purposes.  This leads to under-representation of 
distresses that are not frequent but may have an effect on the CRS value.  This effect is 
seen in several of the models.  For example, the other marked and unmarked ACP model 
does not include distress P, overlaid patch reflective cracking, because that distress was not 
recorded frequently. 
Many distresses have different ranges of severities, as seen in Table 3.  Better 
models may be possible if all distresses have a consistent range.  The Long-Term 
Pavement Performance (LTPP) project by the Federal Highway Administration has a 
standard distress identification system (Federal Highway Administration, 2003).  For each 
distress, there are three possible severities: low, moderate, and high.  Use of the LTPP 
system could improve the accuracy of the IDOT CRS calculation models. 
2.5 GROUPING DATA FOR MODELING 
Surface types were grouped together by similarity of pavement design, creating 
pavement types that had a sufficient number of records for modeling.  For example, surface 
types 600 through 630 were grouped together because they are all asphalt overlays of 
jointed concrete pavements.  The differences in those surface types are the amount of 
reinforcement in the underlying concrete, from no reinforcement to full reinforcement.  This 
difference is not relevant to the CRS calculation models.  Table 4 shows the pavement 
types, number of records, and number of miles after grouping for the 2005 database.  
Appendix C contains the pavement type, number of records, and number of miles for the 
2003 and 2006 database.   
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Table 4.  2005 Database Pavement Types 
System Pavement Type Surface Codes Included 
Number of 
Records 
Number of 
Miles 
Interstate Asphalt Concrete Pavements 
(ACP) 550 and 560 21 64.91 
 Asphalt Overlays of Jointed 
Concrete Pavements 
(AC/JPCC) 
600 to 630 169 475.56 
 Asphalt Overlays of CRCP 
(AC/CRCP) 640 211 866.19 
 Jointed Concrete Pavements 
(JPCC) 
700 to 730,  
760 to 782 12 9.20 
 Continuously Reinforced 
Concrete Pavement (CRCP) 740, 790, 792 79 360.89 
 Combination Surface Type 9xx 13 28.09 
Other Marked Asphalt Concrete Pavements 
(ACP) 500 to 560 545 693.77 
 Asphalt Overlays of Jointed 
Concrete Pavements 
(AC/JPCC) 
600 to 630 4,465 9,116.56 
 Jointed Concrete Pavements 
(JPCC) 
700 to 730,  
760 to 782 549 443.81 
Unmarked 
Unimproved Pavements 010 to 210 42 12.53 
 Asphalt Concrete Pavements 
(ACP) 500 to 560 490 331.47 
 Asphalt Overlays of Jointed 
Concrete Pavements 
(AC/JPCC) 
600 to 630 1,965 1,734.62 
 Jointed Concrete Pavements 
(JPCC) 
700 to 730,  
760 to 782 429 293.57 
Other Marked & 
Unmarked 
Asphalt Concrete Surface 
Treatments (ACST) 300 120 49.60 
 Asphalt Concrete Pavement  
– Low Type (ACPLT) 400, 410 28 29.48 
 Asphalt overlays of CRCP 
(AC/CRCP) 640 75 61.89 
 Asphalt Concrete Overlay of 
Brick, Block, or Other 
(AC/BBO) 
650 132 76.36 
 Continuously Reinforced 
Concrete Pavement (CRCP) 740, 790, 792 47 104.35 
 
Brick, Block or Other (BBO) 800 7 2.41 
 Combination Pavements 
(Comb.) 9xx 156 86.82 
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Other marked routes and unmarked routes were modeled separately where there 
was sufficient data.  Surface types with insufficient data were modeled together.  Data 
sufficiency is a function of both the quantity and quality of data.  For example, a model could 
be developed for a pavement type with as few as 25 records, if the records are consistent.  
However, a model may not be possible if the records are inconsistent, even though the total 
number of records is 100 or more.  The other marked and unmarked ACPLT pavement type 
is an example of a good model being developed with few, but good quality, data points.  The 
other marked and unmarked ACST pavement type is an example of many, poor quality 
records, where no model could be developed.  Both models are discussed in Section 4.12. 
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3. THE MODELING PROCESS 
This section details the process used for developing the CRS calculation models, 
including the model form, intercepts, evaluation criteria, initial model development, and 
model improvement. 
3.1 MODEL FORM 
All models are developed using multiple linear regression.  This statistical tool 
calculates the value of an independent variable, like CRS, as a function of dependent 
variables, like sensor and distress data.  An intercept and coefficients for each dependent 
variable are determined using multiple linear regression.  The models then have the form of 
CRS as a function of sensor data and recorded distresses.  The resulting equations used to 
calculate CRS are of the form: 
 
CRS = Intercept – x*IRI – y* Rutting – z*Faulting – a*A – b*B – c*C … 
 
Where: 
Intercept is the starting point for the calculation 
x, y, and z are coefficients for the sensor data (as applicable) 
IRI, Rutting, and Faulting are the values of the sensor data 
a, b, c … are the coefficients for the distresses 
A, B, C … are the values of distresses recorded by the raters 
3.2 MODEL INTERCEPTS 
The multiple linear regression model form has an intercept, or starting point, for the 
calculation of CRS.  In standard multiple linear regression, the intercept is calculated as the 
best fit to the data.  The intercept is not necessarily 9.0, the maximum CRS assigned by 
IDOT.  Some models may have intercepts higher or lower than 9.0 as the data indicate. 
Because the maximum CRS assigned by IDOT is 9.0, the TRP stated that the 
models would make the most sense if the intercept equaled 9.0.  Models were developed in 
both the standard way (intercept calculated), and with the intercept forced to equal 9.0.  
Both model forms are presented in Section 4. 
3.3 EVALUATING MODEL ACCURACY 
Three types of statistics are used for the evaluation of CRS model accuracy.  They 
are percent within ± 0.5 CRS point, the regression coefficient (R2), and graphs to depict 
accuracy visually. 
3.3.1 Percent within ± 0.5 CRS Point 
When the original CRS calculation models were developed in 1994, the Working 
Group from IDOT considered that a calculated CRS value within ± 0.5 point of the actual 
CRS was reasonably accurate (ERES Consultants, 1994).  The TRP agrees that is still a 
reasonable measurement of accuracy.  One of the statistics used to evaluate the models is 
the percent of predicted CRS values within ± 0.5 point of the actual CRS stored in IRIS.  The 
closer the percentage is to 100%, the more accurate the models are.  The discussion of 
each model includes a table that contains these percentages for the 2005 database used for 
model development, as well as the 2003 and 2006 databases used for validation. 
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3.3.2 Regression Coefficient (R2) 
The R2 value is a measure of how accurately the dependent variables describe the 
independent variable.  Its value ranges from 0 to 1.  The higher the R2 value, the better the 
accuracy of the model. 
The R2 for 9.0 intercept models is not directly comparable to the R2 for the standard 
models.  Because no intercept is included in the modeling process, the R2 is redefined in 
SAS, the software used to perform the regressions.  Therefore, the R2 for the standard 
model is not directly comparable to the R2 for the 9.0 intercept models.  Both the standard 
R2 and redefined R2 are included in the discussion of each model. 
3.3.3 Graphs for Visualizing Model Accuracy  
Three graphs are used to show model accuracy visually.  The first graph shows the 
predicted CRS as data points above, below, or equal to the actual CRS line.  See Figure 1 
for an example of this kind of graph.  The graph is arranged in increasing CRS order for 
ease of demonstration.  The pavement section (%) is the position of the data record in the 
list of all data records for that pavement type.   
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Figure 1.  Example of model graph. 
The second graph shows the predicted CRS versus actual CRS.  See Figure 2 for an 
example of this graph.  This graph format is more commonly used in linear regression.  Both 
of these graphs include bold lines representing ± 0.5 CRS point.   
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Figure 2.  Example of predicted vs. actual CRS graph. 
While the two graphs are similar, the first graph has the advantage of depicting the 
relative frequency of pavement in various CRS ranges.  For example, in Figure 1, it is 
apparent from the steepness of the lines between 0% and 50% that half of the data are 
below 8.0.  The remaining 50% are at or above a CRS of 8.0.  This is expected for this 
pavement type, as they have only recently been constructed.  As they age, there will be 
more data at the lower CRS range.   
The third graph is a sensitivity analysis graph (see Figure 3).  The sensitivity analysis 
shows the relative influence of each variable included in the model on CRS.  This graph is 
developed by determining the average CRS and the standard deviation of each variable.  
Two times the standard deviation of each variable is multiplied by its corresponding model 
coefficient.  These values are then depicted graphically by centering the values on the 
average CRS for that pavement type.  A long bar indicates a distress that has a large 
influence on CRS, while a small bar indicates a small influence.  In the example graph, 
Distress M (block cracking) has the most influence on CRS, while Distress O (transverse 
cracking/joint reflection cracks) has the least influence. 
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Figure 3.  Example of sensitivity analysis graph. 
The discussion of each model in Section 4 includes all three of these graphs, based 
on the 2005 database. 
3.4 INITIAL MODEL DEVELOPMENT 
Initial models were developed using the data described above.  Two things became 
apparent from this first modeling attempt. 
3.4.1 Other Marked and Unmarked Systems 
There was no benefit to modeling the other marked and unmarked systems 
separately.  The models were similar, and modeling the two systems together did not 
compromise the accuracy of the models.  For the remainder of modeling and this report, the 
two systems are considered together.   
3.4.2 Additional Data Cleaning 
There were several records for which the CRS value was low, but no distresses were 
recorded.  IDOT considers any pavement with a CRS between 7.6 and 9.0 to be in excellent 
condition, with few or no distresses recorded.  Therefore, only records with a CRS less than 
7.6 and no distresses recorded were deleted from the study.  Records with an IRI of 0 (not 
recorded) were also skewing the models.  Because the intent is to have models with both 
sensor data and distresses evident, these records were removed from the database.  Table 
5 shows the number of records deleted from each pavement type.  Note the number of 
records removed is relatively insignificant. 
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Table 5.  Additional Records Removed from Analysis 
System Pavement Type Percent of  Records Removed 
Interstate ACP 9.5% 
 AC/JPCC 2.4% 
 AC/CRCP 0.9% 
 CRCP 0% 
Other Marked  ACPLT 0% 
& Unmarked ACP 16.0% 
 AC/JPCC 3.4% 
 AC/CRCP 1.3% 
 AC/BBO 6.1% 
 JPCC 12.4% 
 CRCP 0% 
 
3.5 MODEL IMPROVEMENT 
Once the additional data cleaning was completed, models were again created for 
each pavement type.  At the start of modeling, all distresses are included.  The first iteration 
of modeling reveals inconsistencies in the data, such as data outliers, variables that cause 
the CRS to increase, and variables that are insignificant to the calculation of CRS.   
Data outliers are points that lie far outside of the bulk of data.  They are removed so 
they do not skew the regression.  Figure 4 shows an example of outliers.  Note the data 
point at CRS 8.9 and transverse cracking severity 5 (worst).  One would not expect a CRS 
that high with such a severe distress.  This data point was removed from the analysis.  The 
data point at 8.9, severity 4 is also of questionable accuracy. 
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Figure 4.  Other marked AC/JPCC outlier example. 
The presence of distress on a pavement section causes the CRS to decrease.  If a 
distress coefficient is positive, it causes that distress to increase the CRS.  That distress is 
removed from the regression analysis.  This generally occurs when there are few records 
outliers 
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that may be inconsistent.  An example of this is the other marked and unmarked AC/BBO 
pavement type.  Figure 5 shows the graph of CRS versus severity of alligator cracking.   
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Figure 5.  Other marked & unmarked AC/BBO positive correlation example. 
In Figure 5, the general trend of CRS is positive with increasing severity of distress, 
opposite of the expected response.  Contrast this figure to Figure 4, with a negative CRS 
trend with increasing severity of distress.  Graphs of CRS versus all distresses for every 
pavement type are included in Appendix D.  They are useful for visualizing outliers, volume 
of data recorded, and trends in the data for each distress.  If there is no graph for a certain 
distress, there were no pavement sections for which that distress was recorded. 
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4. FINAL MODELS 
Models were developed for as many pavement types as possible.  They are detailed 
one by one in this section.  Models could not be developed for a few pavement types due to 
insufficient or poor quality data.  They are addressed in detail in Section 4.12. 
The presentation of each model includes a table with the coefficients listed for the 
standard model, 9.0 intercept model, and current model, if available.  Blank cells in the 
tables indicate distresses or sensor data that were examined, but did not correlate well with 
CRS, as described in Section 3.5.  Cells that indicate “N/A” are distresses that are not 
appropriate to that pavement type.  The last line of this table includes the regression 
coefficients for the standard and 9.0 intercept models.  Again, the R2 for the models are not 
directly comparable, but are presented to show magnitude. 
The graphs described in Section 3.3 are included for each pavement type, for the 
2005 database used in model development.  Validation graphs for the 2003 and 2006 
databases are included in Appendix E.  A table with the percent within ± 0.5 CRS point for 
all database years is included for every pavement type. 
4.1 INTERSTATE ACP 
Because there currently is no model, and many sections of the interstate ACP 
pavement type have been constructed recently, the TRP identified this pavement type as 
most needing a model.  To have enough data to develop a good model, all records of this 
pavement type from the 2003 database, 2005 database, and 2006 database were used for 
model development.  The final models used 56 data points, which were consistent enough 
to produce a good model. 
Table 6.  Interstate ACP Model Coefficients 
Distress Standard Model 9.0 Model Current Model 
Intercept 9.041 9.0 
IRI -0.007 -0.007 
Rut -2.632 -2.589 
L   
M -0.546 -0.544 
O -0.091 -0.091 
P -0.297 -0.301 
Q -0.117 -0.118 
R N/A 
S -0.232 -0.234 
T   
U   
V   
W   
X N/A 
R2 0.906 0.966 
None 
Note:  Blank cells indicate distresses that did not correlate well with CRS. 
 
Figure 6 shows the predicted CRS as data points above, below, or equal to the 
actual CRS line.  Figure 7 shows the predicted versus actual CRS for both models. 
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Figure 6.  Interstate ACP models. 
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Figure 7.  Interstate ACP predicted vs. actual CRS. 
Note that the majority of predicted CRS points are within the ± 0.5 CRS point bold 
lines, and that the two models are virtually identical.  The few that are far outside the ± 0.5 
range are outliers, and most likely contain faulty data. 
Figure 8 shows the sensitivity analysis for the Interstate ACP pavements.  Because 
the 9.0 intercept model is so close to the standard model, only the standard model is shown.   
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Figure 8.  Interstate ACP sensitivity analysis. 
The sensitivity bars are centered on the average CRS, which is 7.36 for this 
pavement type.  Distress M (block cracking) has the most impact on the CRS value, and 
Distress O (transverse cracking/joint reflection cracks) has the least impact on the CRS 
value.  Although Distress O is more predominant for all pavement types (see Table 3), 
Distress M has a larger impact on CRS for this model.  Table 7 contains the percentage of 
data that are within ± 0.5 CRS point of the actual CRS.   
Table 7.  Interstate ACP Percent ± 0.5 CRS 
Data Year Standard model 9.0 intercept model Current model 
2003, 2005, 2006 89.3% 87.5% None 
 
Both models are reasonably accurate.  The 9.0 intercept model is nearly as accurate 
as the standard model, as seen by the overlap in Figure 6 and Figure 7, and either could be 
used.  The models were not validated using the 2003 and 2006 databases, because they 
were used in model development.  The models should be revised in several years, as more 
data becomes available. 
4.2 INTERSTATE AC/JPCC 
The models incorporated 176 data points, a sufficient number and quality to develop 
a satisfactory model.  The model coefficients are included in Table 8.  The three major 
differences in the old model compared to the new model are the inclusion of Distress U 
(permanent patch deterioration), the increased coefficient of Distress X (Reflective D-
cracking), and the exclusion of Distress T (edge cracking) from the new models. 
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Table 8.  Interstate AC/JPCC Model Coefficients 
Distress Standard Model 9.0 Model Current Model 
Intercept 8.992 9.0 9.35 
IRI -0.005 -0.005 -0.0105 
Rut -1.824 -1.829 -1.917 
L    
M -0.326 -0.326 -0.279 
O -0.142 -0.142 -0.054 
P -0.214 -0.214 -0.221 
Q -0.189 -0.189 -0.171 
R N/A 
S -0.350 -0.350 -0.382 
T   -0.165 
U -0.113 -0.112  
V    
W -0.383 -0.383 -0.478 
X -0.326 -0.326 -0.250 
R2 0.957 0.990  
Note:  Blank cells indicate distresses that did not correlate well with CRS. 
 
Figure 9 shows the predicted CRS as data points above, below, or equal to the 
actual CRS line.  Figure 10 shows the predicted versus actual CRS values.   
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Figure 9.  Interstate AC/JPCC models. 
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Figure 10.  Interstate AC/JPCC predicted vs. actual CRS. 
Almost all of the predicted CRS points are within ± 0.5 CRS point.  The two new 
models are nearly identical, and both are more accurate than the current model, which tends 
to calculate the CRS too low. 
Figure 11 depicts the sensitivity analysis for interstate AC/JPCC pavements.  
Because the 9.0 intercept model is nearly identical to the standard model, only the standard 
and current models are shown.   
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Figure 11.  Interstate AC/JPCC sensitivity analysis. 
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The CRS value is most affected by Distress S (centerline deterioration).  Distress U 
(permanent patch deterioration) has the least effect.  This is generally consistent with the 
information contained in Table 3, although Distress O (transverse cracking/joint reflection 
cracks) has less of an effect than its frequency indicated. 
Table 9 contains the percentage of data that are within ± 0.5 CRS point of the actual 
CRS.   
Table 9.  Interstate AC/JPCC Percent ± 0.5 CRS 
Data Year Standard model 9.0 intercept model Current model 
2003 
Validation 88.8% 88.2% 82.9% 
2005 Model 
Development 97.7% 97.7% 90.3% 
2006 
Validation 94.4% 94.4% 89.4% 
 
The 2003 database was less consistent, which caused the percentage to be lower.  
The two new models are nearly identical, because the intercept was nearly 9.0 without 
intervention.  Either model can be effectively used for accurate CRS calculation.  Both new 
models are also more accurate than the model currently in use. 
4.3 INTERSTATE AC/CRCP 
The models include 207 data points with sufficient quality to produce a good model.  
The model coefficients are presented in Table 10.  The new models have larger coefficients 
for rutting and Distress X (reflective D-cracking) than the current model.  Distress T (edge 
cracking) is included in the new models. 
Table 10.  Interstate AC/CRCP Model Coefficients 
Distress Standard Model 9.0 Model Current Model 
Intercept 9.092 9.0 8.55 
IRI -0.006 -0.006 -0.0042 
Rut -1.793 -1.605 -1.122 
L    
M -0.353 -0.356 -0.340 
O -0.116 -0.115 -0.084 
P -0.233 -0.235 -0.206 
Q -0.134 -0.139 -0.237 
R N/A 
S -0.392 -0.387 -0.327 
T -0.165 -0.171  
U -0.063 -0.064 -0.171 
V    
W    
X -0.348 -0.351 -0.283 
R2 0.956 0.988  
Note:  Blank cells indicate distresses that did not correlate well with CRS. 
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Figure 12 shows the predicted CRS as data points above, below, or equal to the 
actual CRS line.  Figure 13 shows the predicted versus actual CRS values.   
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Figure 12.  Interstate AC/CRCP models. 
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Figure 13.  Interstate AC/CRCP predicted vs. actual CRS. 
As with the AC/JPCC model, the two new models are virtually identical.  The 
percentage of points within the ± 0.5 point lines is very high.  The current model is 
consistently lower, and more frequently outside of the ± 0.5 CRS point lines, than the two 
new models. 
Figure 14 shows the sensitivity analysis for interstate AC/CRCP pavements.  
Because the standard and 9.0 models are very similar, only the standard and current 
models are shown.   
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Figure 14.  Interstate AC/CRCP sensitivity analysis. 
Distresses S (centerline deterioration) and X (reflective D-cracking) have the largest 
impact on the CRS, and Distress U (permanent patch deterioration) has the least impact on 
the CRS.  Looking again at Table 3, the influence due to frequency of Distress S is 
anticipated, while that of Distress X is not.  Similarly, Distress O (transverse cracking/joint 
reflection cracks) has less of an effect on CRS than its frequency would have seemed to 
indicate. 
Table 11 contains the percentage of data that are within ± 0.5 CRS point of the 
actual CRS.   
Table 11.  Interstate AC/CRCP Percent ± 0.5 CRS 
Data Year Standard model 9.0 intercept model Current model 
2003 
Validation 98.5% 97.8% 88.2% 
2005 Model 
Development 97.6% 98.1% 81.6% 
2006 
Validation 90.7% 90.7% 77.6% 
 
The two new models are nearly identical, because the intercept was nearly 9.0 
without intervention.  Both new models are also significantly more accurate than the model 
currently in use.  The current model predicts CRS values consistently lower than the actual 
CRS and both new models. 
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4.4 INTERSTATE CRCP 
The models were developed using 78 data points.  The model coefficients are 
included in Table 12.  The 9.0 intercept model has a larger coefficient for IRI than either the 
standard or current model.  The remaining coefficients are similar. 
Table 12.  Interstate CRCP Model Coefficients 
Distress Standard Model 9.0 Model Current Model 
Intercept 8.680 9.0 8.56 
IRI -0.004 -0.007 -0.0041 
A -0.212 -0.225 -0.179 
B -0.310 -0.317 -0.300 
C    
D -0.388 -0.342 -0.413 
E -0.259 -0.254 -0.270 
F -0.112 -0.085 -0.126 
H N/A 
I    
J -0.111 -0.103 -0.143 
K -0.366 -0.322 -0.246 
R2 0.970 0.970  
Note:  Blank cells indicate distresses that did not correlate well with CRS. 
 
Figure 15 shows the predicted CRS as data points above, below, or equal to the 
actual CRS line.  Figure 16 shows the predicted versus actual CRS values.   
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Figure 15.  Interstate CRCP models. 
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Figure 16.  Interstate CRCP predicted vs. actual CRS. 
There is one outlier at an actual CRS of 5.0.  The actual CRS is lower than its 
distresses would indicate.  The standard and 9.0 models are both reasonably accurate.  
Because the current model’s intercept is only 8.56, the new models are both more accurate 
at CRS values of 8.6 and higher.  The 9.0 model is the most accurate of the three at the 
high end of the CRS range.  Figure 17 shows the relative effect of each variable on the CRS 
value.   
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Figure 17.  Interstate CRCP sensitivity analysis. 
Distress B (transverse cracking) has the most effect on the CRS, as anticipated from 
the frequency information in Table 3.  Distress F (edge cracking) has the least effect on the 
CRS value, again as anticipated from Table 3.  The influence of the other distresses is less 
consistent with the frequency data. 
Table 13 contains the percentage of data that are within ± 0.5 CRS point of the 
actual CRS.   
Table 13.  Interstate CRCP Percent ± 0.5 CRS 
Data Year Standard model 9.0 intercept model Current model 
2003 
Validation 98.7% 98.7% 100% 
2005 Model 
Development 98.7% 98.7% 96.2% 
2006 
Validation 93.7% 93.7% 93.7% 
 
Both new models are very accurate, and similar in accuracy to the current model.  
Any of the models can be used to accurately calculate CRS. 
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4.5 OTHER MARKED AND UNMARKED ACPLT 
The new models used 26 data points of sufficient consistency to establish a new 
model.  Table 14 shows the model coefficients. 
Table 14.  Other Marked & Unmarked ACPLT Model Coefficients 
Distress Standard Model 9.0 Model Current Model 
Intercept 9.209 9.0 
IRI -0.005 -0.004 
Rut -0.3 if ≥ 0.25 -0.3 if ≥ 0.25 
L   
M -0.523 -0.574 
O -0.311 -0.305 
P   
Q   
R   
S -0.331 -0.286 
T -0.401 -0.409 
U   
V   
W -1.541 -1.531 
X   
R2 0.960 0.989 
None 
Note:  Blank cells indicate distresses that did not correlate well with CRS. 
 
Figure 18 shows the predicted CRS as data points above, below, or equal to the 
actual CRS line.  Figure 19 depicts the predicted versus actual CRS values.   
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Figure 18.  Other marked & unmarked ACPLT models. 
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Figure 19.  Other marked & unmarked ACPLT predicted vs. actual CRS. 
The majority of data points are within the ± 0.5 lines.  Figure 20 shows the sensitivity 
analysis for this pavement type. 
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Figure 20.  Other marked & unmarked ACPLT sensitivity analysis. 
Distress W (weathering, raveling, segregation, corrugation) has the greatest effect on 
CRS, and rutting has the least effect.  This is true whether rutting is greater than or less than 
0.25.  The influence of the distresses is inconsistent with the frequency data in Table 3.  
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With such a small amount of data, the frequency of a distress does not impact the model as 
much. 
Table 15 contains the percentage of data that are within ± 0.5 CRS point of the 
actual CRS.   
Table 15.  Other Marked & Unmarked ACPLT Percent ± 0.5 CRS 
Data Year Standard model 9.0 intercept model Current model 
2003, 2005 & 2006 88.5% 88.5% None 
 
The new models are reasonably accurate,and provide a model for a pavement type 
that does not currently have one.  Either model can be used to accurately calculate CRS.  If 
it is determined that there are no new pavements of this type being constructed, this model 
will be sufficient for the foreseeable future.  If there is more of this pavement type, the 
models should be reviewed and improved in the future. 
4.6 OTHER MARKED AND UNMARKED ACP 
The models incorporated 824 data points.  Table 16 shows the model coefficients for 
the standard model, 9.0 intercept model, and current model.  IRI is included in the new 
models, and rutting has a coefficient instead of a flat deduct as in the current model. 
Table 16.  Other Marked & Unmarked ACP Model Coefficients 
Distress Standard Model 9.0 Model Current Model 
Intercept 8.811 9.0 8.40 
IRI -0.001 -0.002  
Rut -1.001 -1.403 -0.6 if Rut ≥ 0.5 
L -0.246 -0.236 -0.230 
M -0.289 -0.271 -0.377 
O -0.359 -0.378 -0.350 
P    
Q -0.194 -0.199 -0.204 
R -0.098 -0.088 -0.189 
S -0.228 -0.252 -0.174 
T -0.218 -0.208 -0.275 
U -0.146 -0.146  
V -0.279 -0.253  
W -0.321 -0.311 -0.312 
X    
R2 0.965 0.991  
Note:  Blank cells indicate distresses that did not correlate well with CRS. 
 
Figure 21 shows the predicted CRS as data points above, below, or equal to the 
actual CRS line.  Figure 22 depicts the predicted versus actual CRS values.   
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Figure 21.  Other marked & unmarked ACP models. 
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Figure 22.  Other marked & unmarked ACP predicted vs. actual CRS. 
There are several outliers whose underlying distress data is suspect.  The new 
models follow the ± 0.5 CRS point lines accurately.  They also predict CRS higher and more 
accurately than the current model.  The current model predicts CRS consistently low, 
because the intercept is 8.4, significantly lower than the standard model’s 8.811 and the 
ideal 9.0.  Figure 23 shows the sensitivity analysis for this pavement type. 
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Figure 23.  Other marked & unmarked ACP sensitivity analysis. 
Distress O (transverse cracking/joint reflection cracks) has the most influence on 
CRS, whereas Distresses U (permanent patch deterioration) and V (shoving/bumps/sags/ 
corrugation) have the least influence on CRS.  The relative influence of each distress on 
CRS is consistent with the frequency of the distresses as seen in Table 3. 
Table 17 contains the percentage of data that are within ± 0.5 CRS point of the 
actual CRS.   
Table 17.  Other Marked & Unmarked ACP Percent ± 0.5 CRS 
Data Year Standard model 9.0 intercept model Current model 
2003 
Validation 93.7% 94.2% 85.5% 
2005 Model 
Development 95.8% 95.5% 87.4% 
2006 
Validation 91.8% 88.9% 90.3% 
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The two new models are reasonably accurate and are improvements of the current 
model.  The current model is consistently lower than both of the new models.  Either new 
model can be used to accurately calculate CRS. 
4.7 OTHER MARKED AND UNMARKED AC/JPCC 
The models were developed using 6,091 data points.  Table 18 details the 
coefficients used in the models.  In the new models, rutting has a coefficient instead of a flat 
deduct, and Distresses P (overlaid patch reflective cracking), V (shoving/bumps/sags/ 
corrugation), and X (reflective D-cracking) are included in the new models. 
Table 18.  Other Marked & Unmarked AC/JPCC Model Coefficients 
Distress Standard Model 9.0 Model Current Model 
Intercept 9.181 9.0 9.22 
IRI -0.003 -0.002 -0.0032 
Rut -0.536 -0.430 -0.3 if Rut ≥ 0.25 
L -0.191 -0.203 -0.178 
M -0.194 -0.210 -0.175 
O -0.476 -0.444 -0.508 
P -0.034 -0.036  
Q -0.172 -0.175 -0.167 
R -0.057 -0.063 -0.046 
S -0.252 -0.237 -0.263 
T -0.165 -0.176 -0.152 
U -0.604 -0.610 -0.626 
V -0.059 -0.114  
W -0.308 -0.316 -0.304 
X -0.070 -0.074  
R2 0.982 0.995  
Note:  Blank cells indicate distresses that did not correlate well with CRS. 
 
Figure 24 shows the predicted CRS as data points above, below, or equal to the 
actual CRS line.  Figure 25 shows the predicted versus actual CRS values. 
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Figure 24.  Other marked & unmarked AC/JPCC models. 
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Figure 25.  Other marked & unmarked AC/JPCC predicted vs. actual CRS. 
There is some scatter outside of the ± 0.5 point lines, possibly due to inaccurate 
data.  All three models follow the ± 0.5 point lines and are similar in accuracy.  Figure 26 
shows the sensitivity analysis for this pavement type.  
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Figure 26.  Other marked & unmarked AC/JPCC sensitivity analysis. 
As in the ACPLT model, Distress O (transverse cracking/joint reflection cracks) has 
the most effect and Distresses P (overlaid patch reflective cracking), V (shoving/bumps/ 
sags/corrugations), and X (reflective D-cracking) have the least effect on the calculation of 
CRS values.  Again, the sensitivity analysis shows the influence of the distresses is 
proportional to the frequency the distress is recorded, as seen in Table 3. 
Table 19 contains the percentage of data that are within ± 0.5 CRS point of the 
actual CRS.   
Table 19.  Other Marked & Unmarked AC/JPCC Percent ± 0.5 CRS 
Data Year Standard model 9.0 intercept model Current model 
2003 
Validation 97.1% 96.6% 97.3% 
2005 Model 
Development 97.8% 97.7% 97.7% 
2006 
Validation 98.0% 97.8% 97.7% 
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All three models are equally accurate.  Any of the three models can be used to 
accurately calculate CRS.  Either of the two new models is recommended, because of the 
inclusion of Distresses P, V, and X. 
4.8 OTHER MARKED AND UNMARKED AC/CRCP 
The models included 73 data points of sufficient quality to develop very good models.  
Table 20 contains the coefficients for each model.  Two things to note are the inclusion of a 
rutting coefficient and the exclusion of Distress R (reflective widening crack) from the new 
models. 
Table 20.  Other Marked & Unmarked AC/CRCP Model Coefficients 
Distress Standard Model 9.0 Model Current Model 
Intercept 9.182 9.0 9.22 
IRI -0.001  -0.0032 
Rut -1.068 -0.737 -0.3 if Rut ≥ 0.25 
L -0.207 -0.222 -0.178 
M -0.209 -0.210 -0.175 
O -0.483 -0.471 -0.508 
P    
Q -0.184 -0.180 -0.167 
R   -0.046 
S -0.290 -0.303 -0.263 
T -0.178 -0.176 -0.152 
U -0.604 -0.613 -0.626 
V    
W -0.264 -0.257 -0.304 
X    
R2 0.978 0.995  
Note:  Blank cells indicate distresses that did not correlate well with CRS. 
 
Figure 27 shows the predicted CRS as data points above, below, or equal to the 
actual CRS line.  Figure 28 shows the predicted versus actual CRS values for this pavement 
type.   
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Figure 27.  Other marked & unmarked AC/CRCP models. 
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Figure 28.  Other marked & unmarked AC/CRCP predicted vs. actual CRS. 
The standard model is slightly higher than the 9.0 intercept model, and both are 
slightly higher than the current model. 
Figure 29 shows the sensitivity analysis for the Other Marked and Unmarked 
AC/CRCP pavement type.  Because the 9.0 model is similar to the standard model, only the 
standard and current models are shown.   
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Figure 29.  Other marked & unmarked AC/CRCP sensitivity analysis. 
Again, Distress O (transverse cracking/joint reflection cracks) has the largest 
influence on CRS.  IRI and rutting have the least influence on CRS.  The influence of the 
distresses on CRS is less determined by their frequency, as seen in Table 3, than either the 
ACP or the AC/JPCC models. 
Table 21 contains the percentage of data that are within ± 0.5 CRS point of the 
actual CRS.   
Table 21.  Other Marked & Unmarked AC/CRCP Percent ± 0.5 CRS 
Data Year Standard model 9.0 intercept model Current model 
2003 
Validation 95.2% 95.2% 93.5% 
2005 Model 
Development 95.9% 94.5% 94.5% 
2006 
Validation 100% 100% 100% 
 
The two new models are statistically similar, and are moderately more accurate than 
the current model.  Because the 9.0 intercept model does not include IRI, the standard 
model should be used. 
4.9 OTHER MARKED AND UNMARKED AC/BBO 
The models used 123 data points of sufficient consistency to develop accurate 
models.  Table 22 details the model coefficients. 
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Table 22.  Other Marked & Unmarked AC/BBO Model Coefficients 
Distress Standard Model 9.0 Model Current Model 
Intercept 8.840 9.0 
IRI -0.002 -0.002 
Rut -0.909 -0.998 
L   
M -0.264 -0.204 
O -0.422 -0.485 
P   
Q -0.177 -0.250 
R -0.095 -0.113 
S -0.190 -0.123 
T -0.149 -0.182 
U   
V   
W -0.255 -0.283 
X N/A 
R2 0.906 0.985 
None 
Note:  Blank cells indicate distresses that did not correlate well with CRS. 
 
Figure 30 shows the predicted CRS as data points above, below, or equal to the 
actual CRS line.  Figure 31 shows the predicted versus actual CRS values.   
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Figure 30.  Other marked & unmarked AC/BBO models. 
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Figure 31.  Other marked & unmarked AC/BBO predicted vs. actual CRS. 
There are a few outliers apparent on the graphs.  The models are very similar, and 
very accurate, with the 9.0 model’s predicted CRS slightly higher than the standard model’s 
predicted CRS.  Figure 32 shows the sensitivity analysis for this pavement type. 
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Figure 32.  Other marked & unmarked AC/BBO sensitivity analysis. 
Distress O (transverse cracking/joint reflection cracks) has the most impact on CRS, 
while rutting and Distress R (reflective widening crack) have the least impact on CRS.  This 
is again expected by looking at the frequency data shown in Table 3. 
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Table 23 contains the percentage of data that are within ± 0.5 CRS point of the 
actual CRS.   
Table 23.  Other Marked & Unmarked AC/BBO Percent ± 0.5 CRS 
Data Year Standard model 9.0 intercept model Current model 
2003 
Validation 89.2% 91.5% 
2005 Model 
Development 94.3% 91.1% 
2006 
Validation 97.3% 91.9% 
None 
 
The 9.0 model is slightly less accurate than the standard model.  Either model could 
be used with similar results.  There currently is no model for this pavement type. 
4.10 OTHER MARKED AND UNMARKED JPCC 
The models for this pavement type were developed using 857 records.  Table 24 lists 
the model coefficients for this pavement type.  The standard model intercept is higher than 
that for the current model.  IRI is included, as well as Distress E (longitudinal cracking) and 
Distress I (map cracking/scaling).  Faulting is not included in the new models. 
Table 24.  Other Marked & Unmarked JPCC Model Coefficients 
Distress Standard Model 9.0 Model Current Model 
Intercept 8.254 9.0 7.95 
IRI -0.001 -0.004  
Fault   -1 if ≥ 0.25 
A -2 if ≥ 4 -2 if ≥ 4 -2 if A ≥ 4 
B -0.274 -0.305 -0.267 
C -0.453 -0.449 -0.473 
D -0.292 -0.300 -0.311 
E -0.076 -0.037  
F N/A 
H -0.119 -0.097 -0.106 
I -0.134 -0.149  
J -0.141 -0.145 -0.130 
K    
R2 0.936 0.978  
Note:  Blank cells indicate distresses that did not correlate well with CRS 
 
Figure 33 shows the predicted CRS as data points above, below, or equal to the 
actual CRS line.  Figure 34 shows the predicted versus actual CRS for this pavement type.   
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Figure 33.  Other marked & unmarked JPCC models. 
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Figure 34.  Other marked & unmarked JPCC predicted vs. actual CRS. 
There is a small amount of scatter due to outliers.  The standard model is the most 
accurate of the three.  The 9.0 intercept model predicts CRS too high at the upper end of the 
CRS scale and too low at the low end of the CRS scale.   
Figure 35 shows the sensitivity analysis of the models.   
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Figure 35.  Other marked & unmarked JPCC sensitivity analysis. 
Distress A (D-cracking) has the most influence when its severity is greater than or 
equal to 4.  Distress E (longitudinal cracking) has the least influence on CRS.  In contrast to 
the frequency data in Table 3, it is apparent that the presence of D-cracking aggregate has 
a profound affect on the CRS of a JPCC pavement section.  The influence of the remaining 
distresses is consistent with their frequency. 
Table 25 contains the percentage of data that are within ± 0.5 CRS point of the 
actual CRS.   
Table 25.  Other Marked & Unmarked JPCC Percent ± 0.5 CRS 
Data Year Standard model 9.0 intercept model Current model 
2003 
Validation 88.9% 84.2% 88.4% 
2005 Model 
Development 93.1% 86.6% 92.5% 
2006 
Validation 94.1% 86.9% 93.7% 
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The standard model is moderately more accurate than the current model.  The 
accuracy of the models improves with newer data.  The 9.0 intercept model rates too high at 
the higher CRS range, and too low at the lower range.  Therefore, it is recommended that 
the standard model be used. 
4.11 OTHER MARKED AND UNMARKED CRCP 
Initial model development produced the new models that appeared to be reasonably 
accurate.  However, the current model and both new models were fundamentally flawed.  
Due to a lack of data for this pavement type, the jointed concrete model has been used in 
the past.  The jointed concrete model does not include edge punchouts, which are a 
frequent distress on CRC pavements.  The jointed concrete model includes joint 
deterioration, which is rarely an issue of CRCPs, because the only joints are infrequent 
construction joints.  Using any of these three models is not recommended.   
The validity of the data used to develop these models was questioned.  When the 
TRP examined the data, they discovered many short sections that were partially jointed 
concrete pavement and partially CRCP.  This led to Distress C, joint deterioration, being 
included as a distress in the IRIS database.  They recommended the removal of those 
records from the study.  The majority of the removed records were very short lengths, so the 
overall amount of CRCP represented by the models is nearly unchanged. 
All years’ records were combined to develop revised models, for a total of 95 
records.  Table 26 includes the revised model coefficients using the remaining data.  
Distress C (joint deterioration) is not included, and Distress F (edge punchouts) is included 
in the model. 
Table 26.  Other Marked & Unmarked CRCP Model Coefficients 
Distress Standard Model 9.0 Model Current Model 
Intercept 8.204 9.0 7.95 
IRI -0.003 -0.007  
Fault   -1 if ≥ 0.25 
A -0.334 -0.331 -2 if A ≥ 4 
B -0.226 -0.218 -0.267 
C   -0.473 
D -0.318 -0.315 -0.311 
E    
F -0.049 -0.043  
H   -0.106 
I    
J -0.165 -0.158 -0.130 
K    
Note:  Blank cells indicate distresses that did not correlate well with CRS 
 
Figure 36 shows the predicted CRS as data points above, below, or equal to the 
actual CRS line.  Figure 37 shows the predicted versus actual CRS for the models.  
Because the current model is fundamentally flawed, it is not included on the graphs, or in 
the table of percent ± 0.5 CRS. 
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Figure 36.  Other marked & unmarked CRCP models. 
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Figure 37.  Other marked & unmarked CRCP predicted vs. actual CRS 
Note that the 9.0 model predicts CRS consistently lower than the standard model.  
Figure 38 shows the sensitivity analysis of the models.   
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Figure 38.  Other marked & unmarked CRCP sensitivity analysis.. 
Distress A (D-cracking) has the most effect on CRS, while Distress F (edge 
punchouts) has the least effect.  Again, the presence of D-cracking significantly affects the 
CRS of a CRCP pavement section.  The influence of the remaining distresses is expected 
from their frequency as seen in Table 3. 
Table 27 includes the percent of records within ± 0.5 CRS point of the actual CRS. 
Table 27.  Other Marked & Unmarked CRCP Percent ± 0.5 CRS 
Data Year Standard model 9.0 intercept model Current model 
2003, 2005, 2006 81.1% 56.8% None 
 
The models include distresses anticipated for this pavement type, a significant 
improvement over the model currently in use.  The standard model is reasonably accurate.  
The 9.0 intercept model predicts the CRS too low in most cases, due to the added influence 
of IRI in the model.  The standard model is therefore recommended for use. 
4.12 OTHER PAVEMENT TYPES 
There are several pavement types for which no models could be developed.  The 
specific pavement types and proposals on how to rate them are detailed in this section. 
4.12.1 Interstate JPCC 
There was insufficient data to revise the existing model for the Interstate JPCC 
pavements.  In the 2005 database, there were only 9.2 miles of this pavement type.  Most of 
the jointed concrete pavements that were built on the interstate system have been overlaid 
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or reconstructed.  The current model can continue to be used for the remaining bare jointed 
concrete pavements. 
4.12.2 Other Marked & Unmarked Unimproved 
There was insufficient data to create models for pavement codes 010 to 210, 
unimproved or minimally improved pavements.  There were only 12.53 miles of these 
surface type codes in the 2005 database.  CRS values should be determined manually, 
without using a model.   
4.12.3 Other Marked & Unmarked Asphalt Concrete Surface Treatments 
The quantity of data for the other marked and unmarked surface treatments was 
sufficient to attempt modeling.  However, the data quality was poor and random.  There 
were 49.6 miles of this pavement type in the 2005 database.  Models developed from the 
data had very low R2 values and did not adequately predict the CRS value.  Again, CRS 
values should be determined manually, without using a model.  Consideration should be 
given to developing a standard rating system for this pavement type so a model can be 
developed in the future. 
4.12.4 Other Marked & Unmarked Brick, Block and Other 
There was insufficient data to create models for pavement code 800, brick, block, or 
other surface.  There were only 2.41 miles of this pavement type in the 2005 database.  
CRS values should be determined manually, without using a model. 
4.12.5 Combination Pavements (any system) 
In the 2005 database, there were 28.09 miles of the 9xx pavement code 
(combination pavement) on the interstate system and 86.82 miles on the other marked and 
unmarked systems.  Because of this mileage, it is desirable to have a standard way of rating 
these pavements. 
Creating a model proved difficult.  While many of these pavements were rated using 
asphalt distresses, several of them were rated with concrete distresses.  The pavement type 
code is not very informative as far as identifying the specific pavement type.  For example, a 
pavement code of 967 is predominantly an asphalt overlay, but it is unknown what type of 
concrete is underneath the overlay (jointed, continuously reinforced, etc.).  Similarly, a 
pavement code of 976 is predominantly concrete, and again the reinforcement design of the 
concrete is unknown. 
For purposes of CRS rating, this pavement type could be handled in several ways.  
First, the accuracy of the pavement type code for each of these pavements should be 
verified.  Modeling options are as follows: 
• Because the majority of this pavement type were rated using asphalt 
distresses, assign one of the asphalt models to that surface type. 
• Choose a model after the rater knows the predominant pavement type. 
• Automatically assign a model based on what model was used in previous 
years. 
• Determine the CRS values manually, without using a model. 
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5. MODELS CHOSEN BY THE TRP 
After the TRP reviewed the models, they chose models for implementation based on 
accuracy and engineering sense.  For pavement types where the 9.0 intercept model was 
as accurate or nearly as accurate as the standard model, the 9.0 intercept model was 
chosen.  Because the CRS rating starts at 9.0, it is reasonable to use the 9.0 models where 
possible.  Table 28 details the models chosen for implementation by the working group. 
Table 28.  Summary of Models Chosen by the Working Group 
System Pavement Type Surface Codes Model 
ACP 550 & 560 9.0 Intercept 
AC/JPCC 600 to 630 9.0 Intercept 
AC/CRCP 640 9.0 Intercept 
JPCC 700 to 730, 760 to 782 Current 
CRCP 740, 790, 792 9.0 Intercept 
Interstate 
Combination 9xx None 
Unimproved 010 to 210 None 
ACST 300 None 
ACPLT 400 & 410 9.0 Intercept 
ACP 500 to 560 9.0 Intercept 
AC/JPCC 600 to 630 9.0 Intercept 
AC/CRCP 640 Standard 
AC/BBO 650 9.0 Intercept 
JPCC 700 to 730, 760 to 782 Standard 
CRCP 740, 790, 792 Standard 
BBO 800 None 
Other Marked & 
Unmarked 
Combination 9xx None 
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6. CONCLUSIONS 
Eight existing CRS calculation models were revised through this phase of the project.  
They are: 
 
• Interstate AC/JPCC 
• Interstate AC/CRCP 
• Interstate CRCP 
• Other marked and unmarked ACP 
• Other marked and unmarked AC/JPCC 
• Other marked and unmarked AC/CRCP 
• Other marked and unmarked JPCC 
• Other marked and unmarked CRCP 
Most models are more accurate than the models currently used by the Department.  
The interstate CRCP model is as accurate and has the advantage of an intercept closer to 
9.0.  The model validation with the 2003 and 2006 databases confirmed the improvements. 
The most improved model is the other marked and unmarked CRCP.  The existing 
model used for this pavement type was appropriate for jointed concrete pavements, but 
inappropriate for CRCPs.  The wrong distresses for CRCPs were included.  The new model 
is appropriate for CRCPs. 
Three new models were created for the following pavement types: 
 
• Interstate ACP 
• Other marked and unmarked ACPLT 
• Other marked and unmarked AC/BBO 
The interstate ACP was identified by IDOT as most needed.  Due to the limited 
amount of data available for these pavement types, additional data should be used, when it 
becomes available, to revise the models. 
For most pavement types, the TRP chose to implement the models with a 9.0 
intercept.  The 9.0 models to be implemented are as follows: 
 
• Interstate ACP 
• Interstate AC/JPCC 
• Interstate AC/CRCP 
• Interstate CRCP 
• Other marked and unmarked ACPLT 
• Other marked and unmarked ACP 
• Other marked and unmarked AC/JPCC 
• Other marked and unmarked AC/BBO 
Because the maximum CRS value assigned by the Department is 9.0, these models 
are the most logical.  Forcing the intercept to be 9.0 did not compromise the accuracy of 
these models.  The standard models will be implemented for the other marked and 
unmarked JPCC and CRCP pavement types because there was a loss of accuracy by 
forcing the 9.0 intercept.  The standard model for other marked and unmarked AC/CRCP 
pavements was chosen due to the lack of IRI in the 9.0 model.  The current model was 
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retained for interstate JPCCs, as there were only a few pavement sections remaining of that 
pavement type. 
The models tend to under-represent distresses that are not recorded by raters very 
often (see Table 3).  This effect is most pronounced for pavement types with a large amount 
of data.  Improved models could be created if severity was recorded for all distresses, not 
only the five most predominant distresses. 
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7. PHASE 3 
The next phase of the project entails developing and improving the prediction models 
for the CRS values.  Most of the models currently used are two slope models.  The break 
point between the two slopes will be examined.  There are currently different models for 
Districts 1 through 4 and 5 through 9.  That split will be examined for accuracy.  Prediction 
models will be created for pavement types that currently have none.  Data back to 1992 will 
be examined for inclusion in prediction model development.   
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APPENDIX A.  SURFACE TYPES INCLUDED IN DATABASES 
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Table 29.  2003 Database by Surface Type, Records, & Miles 
 Number of Records Number of Miles 
Surface Type Total Interstate Other Marked Unmarked Total Interstate Other Marked Unmarked 
010 to 210 44 0 0 44 13.05 0 0 13.05 
300 116 0 0 116 47.72 0 0 47.72 
400 to 410 30 0 2 28 30.81 0 0.05 30.76 
500 196 0 10 186 159.31 0.00 4.67 154.64 
501 to 540 3 0 3 0 8.45 0.00 8.45 0.00 
550 496 11 255 230 518.98 19.86 342.67 156.45 
560 301 12 238 51 358.91 52.35 290.39 16.17 
600 2,761 16 1,602 1,143 4,205.12 12.27 3,169.38 1,023.47 
610 1,781 11 1,345 425 3,895.32 4.43 3,541.15 349.74 
615 0 0 0 0 0.00 0.00 0.00 0.00 
620 988 14 788 186 1,539.86 18.50 1,356.83 164.53 
625 14 0 14 0 4.69 0.00 4.69 0.00 
630 766 149 468 149 1,180.93 458.66 599.23 123.04 
640 204 138 54 12 671.91 621.01 44.74 6.16 
650 142 2 120 20 67.54 0.69 57.44 9.41 
700 138 1 61 76 111.69 0.15 60.83 50.71 
710 213 0 45 168 158.16 0.00 32.39 125.77 
720 215 3 125 87 201.60 3.33 123.77 74.50 
725 77 4 60 13 76.00 2.71 65.80 7.49 
730 340 0 215 125 247.15 0.00 165.90 81.25 
740 124 78 33 13 461.51 363.56 84.61 13.34 
760 to 792 5 3 2 0 11.39 10.82 0.57 0.00 
800 12 0 5 7 1.76 0.00 0.58 1.18 
9** 172 15 91 66 136.76 17.59 61.20 57.97 
  9,138 457 5,536 3,145 14,108.62 1,585.93 10,015.34 2,507.35 
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Table 30.  2005 Database by Surface Type, Records, & Miles 
 Number of Records Number of Miles 
Surface 
Type Total Interstate Other Marked Unmarked Total Interstate Other Marked Unmarked 
010 to 210 42 0 0 42 12.53 0.00 0.00 12.53 
300 120 0 1 119 49.60 0.00 0.02 49.58 
400 to 410 28 0 2 26 29.48 0.00 0.05 29.43 
500 206 0 10 196 159.51 0.00 4.67 154.84 
501 to 540 2 0 2 0 3.72 0.00 3.72 0.00 
550 511 3 272 236 533.04 10.40 365.67 156.97 
560 337 18 261 58 393.88 54.51 319.71 19.66 
600 2,828 14 1,675 1,139 4,393.98 7.50 3,355.93 1,030.55 
610 1,868 8 1,412 448 4,059.01 3.82 3,681.93 373.26 
615 0 0 0 0 0.00 0.00 0.00 0.00 
620 1,039 14 818 207 1,602.20 19.22 1,388.22 194.76 
625 10 1 9 0 3.91 0.19 3.72 0.00 
630 853 131 551 171 1,267.57 444.76 686.76 136.05 
640 286 211 57 18 928.08 866.19 51.30 10.59 
650 133 1 113 19 76.43 0.07 67.18 9.18 
700 171 1 91 79 131.80 0.15 79.91 51.74 
710 200 0 39 161 139.91 0.00 24.67 115.24 
720 226 5 146 75 180.73 3.65 120.99 56.09 
725 75 4 62 9 75.80 2.52 69.98 3.30 
730 318 2 211 105 218.34 2.88 148.26 67.20 
740 121 76 37 8 453.85 350.07 97.82 5.96 
760 to 792 5 3 2 0 11.39 10.82 0.57 0.00 
800 8 0 2 6 2.41 0.00 0.19 2.22 
9** 169 13 106 50 114.91 28.09 61.60 25.22 
  9,556 505 5,879 3,172 14,842.08 1,804.84 10,532.87 2,504.37 
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Table 31.  2006 Database by Surface Type, Records, & Miles 
 Number of Records Number of Miles 
Surface Type Total Interstate Other Marked Unmarked Total Interstate Other Marked Unmarked 
010 to 210 0 0 0 0 0.00 0.00 0.00 0.00 
300 20 0 0 20 7.09 0.00 0.00 7.09 
400 to 410 3 0 0 3 17.23 0.00 0.00 17.23 
500 35 0 2 33 23.37 0.00 0.66 22.71 
501 to 540 1 0 1 0 0.06 0.00 0.06 0.00 
550 205 4 119 82 260.58 12.43 172.55 75.60 
560 155 12 119 24 283.60 49.62 225.51 8.47 
600 1,668 0 859 809 2,468.57 0.00 1,692.50 776.07 
610 913 1 728 184 2,049.96 0.05 1,884.46 165.45 
615 0 0 0 0 0.00 0.00 0.00 0.00 
620 247 14 159 74 300.09 18.27 220.45 61.37 
625 2 0 2 0 0.20 0.00 0.20 0.00 
630 562 127 337 98 928.77 436.57 419.89 72.31 
640 236 205 28 3 975.16 955.09 18.30 1.77 
650 39 0 33 6 33.01 0.00 28.78 4.23 
700 90 0 38 52 72.39 0.00 34.72 37.67 
710 62 0 26 36 42.22 0.00 16.90 25.32 
720 89 4 52 33 74.83 3.50 42.41 28.92 
725 33 1 24 8 27.70 2.45 21.69 3.56 
730 192 2 132 58 155.21 4.35 101.05 49.81 
740 89 60 24 5 333.35 270.43 64.56 3.36 
760 to 792 4 3 1 0 11.39 10.82 0.57 0.00 
800 5 0 0 5 0.44 0.00 0.00 0.44 
9xx 88 14 67 7 84.47 27.55 51.37 5.55 
  4,738 447 2,751 1,520 8,145.69 1,791.13 4,996.63 1,359.84 
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Table 32.  IRIS Surface Types and Codes 
Code Description 
010 Unimproved 
020 Graded and Drained 
100 Soil-Surfaced – without dust palliative treatment 
110 Soil-Surfaced – with dust palliative treatment 
200 Gravel or stone – without dust palliative treatment 
210 Gravel or stone – with dust palliative treatment 
300 Bituminous Surface-Treated (low type bituminous) 
400 Mixed Bituminous (low type bituminous) 
410 Bituminous Penetration (low type bituminous) 
500 Bituminous Surface Treated (high type bituminous) 
501 High Type Bituminous over PCC Rubblized (reinforcement unknown) 
510 High Type Bituminous over PCC Rubblized (no reinforcement) 
520 High Type Bituminous over PCC Rubblized (partial reinforcement) 
525 High Type Bituminous over PCC Rubblized (hinge-joints) 
530 High Type Bituminous over PCC Rubblized (full reinforcement) 
540 High Type Bituminous over PCC Rubblized (continuous reinforcement) 
550 Bituminous Concrete (non Class I), Sheet Rock or Rock Asphalt 
560 Bituminous Concrete Pavement (Full-Depth) 
600 High Type Bituminous over PCC (reinforcement unknown) 
610 High Type Bituminous over PCC (no reinforcement) 
615 High Type Bituminous over PCC (no reinforcement, short panels/dowels)
620 High Type Bituminous over PCC (partial reinforcement) 
625 High Type Bituminous over PCC (hinged joints) 
630 High Type Bituminous over PCC (full reinforcement) 
640 High Type Bituminous over PCC (continuous reinforcement) 
650 High Type Bituminous over brick, block, or other 
700 PCC – reinforcement unknown 
710 PCC – no reinforcement 
720 PCC – partial reinforcement 
725 PCC – hinged joints 
730 PCC – full reinforcement 
740 PCC – continuous reinforcement 
760 Non-reinforced over PCC (reinforcement unknown) 
762 Reinforced over PCC (reinforcement unknown) 
765 Non-reinforced over PCC (no reinforcement) 
767 Reinforced over PCC (no reinforcement) 
770 Non-reinforced over PCC (partial reinforcement) 
772 Reinforced over PCC (partial reinforcement) 
775 Non-reinforced over PCC (hinged joints) 
777 Reinforced over PCC (hinged joints) 
780 Non-reinforced over PCC (full reinforcement) 
782 Reinforced over PCC (full reinforcement) 
790 Non-reinforced over PCC (continuous reinforcement) 
792 Reinforced over PCC (continuous reinforcement) 
800 Brick, Block or Other 
9** Combination 
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APPENDIX B.  DISTRESS CHARACTERISTICS 
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Table 33.  2003 Database CRS and Distress Statistics 
Distress Type CRS/Distress % of All Records Average Range 
All CRS 100% 6.4 1.0 – 8.9 
 IRI1 100% 145 0 – 998 
 Faulting1 100% 0.02 0 – 1.26 
 Rutting1 100% 0.12 0 – 3.82 
Concrete A 1.24% 2.7 1 – 5 
 B 8.97% 2.9 1 – 5 
 C 6.40% 2.6 1 – 4 
 D 6.54% 1.8 1 – 3 
 E 2.39% 2.3 1 – 4 
 F 0.40% 1.8 1 – 3 
 H 3.01% 2.0 1 – 3 
 I 0.80% 2.0 1 – 3 
 J 5.08% 2.0 1 – 3 
 K 1.81% 1.8 1 – 4 
Asphalt L 15.76% 2.3 1 – 4 
 M 38.09% 2.2 1 – 4 
 O 72.40% 2.7 1 – 5 
 P 3.83% 2.3 1 – 5 
 Q 47.21% 2.3 1 – 5 
 R 13.90% 2.5 1 – 5 
 S 65.85% 2.1 1 – 4 
 T 21.91% 2.2 1 – 4 
 U 1.24% 2.0 1 – 4 
 V 1.83% 2.2 1 – 3 
 W 5.01% 1.9 1 – 4 
 X 0.45% 2.3 2 – 3 
1 Statistics include 0 values. 
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Table 34.  2006 Database CRS and Distress Statistics 
Distress Type CRS/Distress % of All Records Average Range 
All CRS 100% 6.4 1.0 – 8.9 
 IRI1 100% 152 36 – 998 
 Faulting1 100% 0.00 0 – 0.20 
 Rutting1 100% 0.12 0 – 1.02 
Concrete A 0.97% 3.2 1 – 5 
 B 8.38% 2.8 1 – 5 
 C 6.02% 2.4 1 – 4 
 D 6.42% 1.8 1 – 3 
 E 2.24% 2.2 1 – 4 
 F 0.76% 2.0 1 – 3 
 H 2.43% 1.9 1 – 3 
 I 1.03% 1.9 1 – 3 
 J 4.88% 2.0 1 – 3 
 K 2.85% 1.9 1 – 4 
Asphalt L 19.48% 2.1 1 – 4 
 M 37.57% 2.1 1 – 4 
 O 76.85% 2.6 1 – 5 
 P 4.66% 3.0 1 – 5 
 Q 46.73% 2.3 1 – 5 
 R 10.36% 2.5 1 – 5 
 S 71.42% 2.0 1 – 4 
 T 16.17% 2.2 1 – 4 
 U 6.16% 1.3 1 – 4 
 V 0.08% 1.8 1 – 2 
 W 9.27% 1.8 1 – 4 
 X 1.48% 2.5 2 – 3 
1 Statistics include 0 values. 
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Table 35.  Distress Definitions and Severities 
Type Letter Code Definition Range 
All IRI International Roughness Index (from vans) Any 
Rut Depth Rut Depth (from vans) Any 
A D-Cracking (Durability Cracking) 1 – 5 
B Transverse Cracking 1 – 5 
C Joint Deterioration 1 – 4 
D Centerline Deterioration 1 – 3 
E Longitudinal Cracking 1 – 4 
F Edge Punchouts (CRCP) 1 – 3 
G Faulting 1 – 6 
H Corner Breaks (jointed pavements) 1 – 3 
I Map Cracking and Scaling 1 – 3 
J Popouts/High Steel 1 – 3 
Concrete 
K Permanent Patch Deterioration 1 – 4 
Faulting Faulting Height (from vans) Any 
L Alligator Cracking 1 – 4 
M Block Cracking 1 – 4 
N Rutting 1 – 3 
O Transverse Cracking/Joint Reflection Cracks 1 – 5 
P Overlaid Patch Reflective Cracking 1 – 5 
Q Longitudinal/Center of Lane Cracking 1 – 5 
R Reflective Widening Crack 1 – 5 
S Centerline Deterioration 1 – 4 
T Edge Cracking 1 – 4 
U Permanent Patch Deterioration 1 – 4 
V Shoving, Bumps, Sags, Corrugation 1 – 3 
W Weathering, Raveling, Segregation, Oxidation 1 – 4 
Asphalt 
X Reflective D-Cracking 2 – 3 
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APPENDIX C.  2003 AND 2006 PAVEMENT TYPES 
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Table 36.  Interstate Pavement Types, 2003 Database 
Pavement Type Surface Codes Included 
Number of 
Records 
Number of 
Miles 
Asphalt Concrete Pavements 
(ACP) 550 and 560 21 70.67 
Asphalt Overlays of Jointed 
Concrete Pavements (AC/JPCC) 600 to 630 187 41.39 
Asphalt Overlays of CRCP 
(AC/CRCP) 640 136 620.21 
Jointed Concrete Pavements 
(JPCC) 
700 to 730,  
760 to 782 8 6.19 
Continuously Reinforced Concrete 
Pavement (CRCP) 740, 790, 792 31 374.38 
Combination Surface Type 9xx 15 17.59 
 
Table 37.  Other Marked & Unmarked Routes Pavement Types, 2003 Database 
Pavement Type Surface Codes Included 
Number of 
Records 
Number of 
Miles 
Unimproved Pavements 010 to 210 44 13.05 
Asphalt Concrete Surface 
Treatments (ACST) 300 116 47.72 
Asphalt Concrete Pavement  – Low 
Type (ACPLT) 400, 410 14 18.77 
Asphalt Concrete Pavements 
(ACP) 500 to 560 807 894.52 
Asphalt Overlays of Jointed 
Concrete Pavements (AC/JPCC) 600 to 630 5,877 10,247.25 
Asphalt overlays of CRCP 
(AC/CRCP) 640 65 50.48 
Asphalt Concrete Overlay of Brick, 
Block, or Other (AC/BBO) 650 132 64.20 
Jointed Concrete Pavements 
(JPCC) 
700 to 730,  
760 to 782 348 747.85 
Continuously Reinforced Concrete 
Pavement (CRCP) 740, 790, 792 35 77.67 
Brick, Block or Other (BBO) 800 12 1.76 
Combination Pavements (Comb.) 9xx 157 119.17 
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Table 38.  Interstate Pavement Types, 2006 Database 
Pavement Type Surface Codes Included 
Number of 
Records 
Number of 
Miles 
Asphalt Concrete Pavements 
(ACP) 550 and 560 16 62.05 
Asphalt Overlays of Jointed 
Concrete Pavements (AC/JPCC) 600 to 630 142 454.89 
Asphalt Overlays of CRCP 
(AC/CRCP) 640 205 975.16 
Jointed Concrete Pavements 
(JPCC) 
700 to 730,  
760 to 782 7 10.30 
Continuously Reinforced Concrete 
Pavement (CRCP) 740, 790, 792 63 281.25 
Combination Surface Type 9xx 14 27.55 
 
Table 39.  Other Marked & Unmarked Routes Pavement Types, 2006 Database 
Pavement Type Surface Codes Included 
Number of 
Records 
Number of 
Miles 
Unimproved Pavements 010 to 210 0 0 
Asphalt Concrete Surface 
Treatments (ACST) 300 20 7.09 
Asphalt Concrete Pavement  – Low 
Type (ACPLT) 400, 410 3 17.23 
Asphalt Concrete Pavements 
(ACP) 500 to 560 380 505.56 
Asphalt Overlays of Jointed 
Concrete Pavements (AC/JPCC) 600 to 630 3,250 5,292.70 
Asphalt overlays of CRCP 
(AC/CRCP) 640 31 20.07 
Asphalt Concrete Overlay of Brick, 
Block, or Other (AC/BBO) 650 39 33.01 
Jointed Concrete Pavements 
(JPCC) 
700 to 730,  
760 to 782 460 362.62 
Continuously Reinforced Concrete 
Pavement (CRCP) 740, 790, 792 29 67.92 
Brick, Block or Other (BBO) 800 5 0.44 
Combination Pavements (Comb.) 9xx 74 56.92 
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APPENDIX D.  CRS VS. DISTRESS GRAPHS, 2005 DATA 
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Figure 39.  Interstate ACP  
CRS vs. IRI. 
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Figure 40.  Interstate ACP  
CRS vs. rut depth. 
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Figure 41.  Interstate ACP  
CRS vs. distress M. 
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Figure 42.  Interstate ACP  
CRS vs. distress O. 
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Figure 43.  Interstate ACP  
CRS vs. distress P. 
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Figure 44.  Interstate ACP  
CRS vs. distress Q. 
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Figure 45.  Interstate ACP  
CRS vs. distress S. 
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Figure 46.  Interstate ACP  
CRS vs. distress T. 
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Figure 47.  Interstate ACP  
CRS vs. distress U. 
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Figure 48.  Interstate AC/JPCC  
CRS vs. IRI. 
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Figure 49.  Interstate AC/JPCC  
CRS vs. rut depth. 
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Figure 50.  Interstate AC/JPCC  
CRS vs. distress L. 
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Figure 51.  Interstate AC/JPCC  
CRS vs. distress M. 
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Figure 52.  Interstate AC/JPCC  
CRS vs. distress O. 
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Figure 53.  Interstate AC/JPCC  
CRS vs. distress P. 
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Figure 54.  Interstate AC/JPCC  
CRS vs. distress Q. 
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Figure 55.  Interstate AC/JPCC  
CRS vs. distress R. 
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Figure 56.  Interstate AC/JPCC  
CRS vs. distress S. 
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Figure 57.  Interstate AC/JPCC  
CRS vs. distress T. 
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Figure 58.  Interstate AC/JPCC  
CRS vs. distress U. 
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Figure 59.  Interstate AC/JPCC  
CRS vs. distress W. 
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Figure 60.  Interstate AC/JPCC  
CRS vs. distress X. 
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Figure 61.  Interstate AC/CRCP 
CRS vs. IRI. 
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Figure 62.  Interstate AC/CRCP 
CRS vs. rut depth. 
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Figure 63.  Interstate AC/CRCP 
CRS vs. distress L. 
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Figure 64.  Interstate AC/CRCP 
CRS vs. distress M. 
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Figure 65.  Interstate AC/CRCP 
CRS vs. distress O. 
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Figure 66.  Interstate AC/CRCP 
CRS vs. distress P. 
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Figure 67.  Interstate AC/CRCP 
CRS vs. distress Q. 
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Figure 68.  Interstate AC/CRCP 
CRS vs. distress S. 
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Figure 69.  Interstate AC/CRCP 
CRS vs. distress T. 
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Figure 70.  Interstate AC/CRCP 
CRS vs. distress U. 
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Figure 71.  Interstate AC/CRCP 
CRS vs. distress X. 
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Figure 72.  Interstate CRCP 
CRS vs. IRI. 
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Figure 73.  Interstate CRCP 
CRS vs. distress A. 
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Figure 74.  Interstate CRCP 
CRS vs. distress B. 
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Figure 75.  Interstate CRCP 
CRS vs. distress D. 
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Figure 76.  Interstate CRCP 
CRS vs. distress E. 
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Figure 77.  Interstate CRCP 
CRS vs. distress F. 
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Figure 78.  Interstate CRCP 
CRS vs. distress I. 
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Figure 79.  Interstate CRCP 
CRS vs. distress J. 
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Figure 80.  Interstate CRCP 
CRS vs. distress K. 
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Figure 81.  Other marked ACP 
CRS vs. IRI. 
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Figure 82.  Other marked ACP 
CRS vs. rut depth. 
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Figure 83.  Other marked ACP 
CRS vs. distress L. 
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Figure 84.  Other marked ACP 
CRS vs. distress M. 
0
1
2
3
4
5
6
7
8
9
0 1 2 3 4 5
Transverse Cracking/Joint Reflection Cracks
C
R
S
 
Figure 85.  Other marked ACP 
CRS vs. distress O. 
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Figure 86.  Other marked ACP 
CRS vs. distress P. 
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Figure 87.  Other marked ACP 
CRS vs. distress Q. 
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Figure 88.  Other marked ACP 
CRS vs. distress R. 
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Figure 89.  Other marked ACP 
CRS vs. distress S. 
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Figure 90.  Other marked ACP 
CRS vs. distress T. 
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Figure 91.  Other marked ACP 
CRS vs. distress U. 
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Figure 92.  Other marked ACP 
CRS vs. distress W. 
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Figure 93.  Other marked AC/JPCC 
CRS vs. IRI. 
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Figure 94.  Other marked AC/JPCC 
CRS vs. rut depth. 
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Figure 95.  Other marked AC/JPCC 
CRS vs. distress L. 
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Figure 96.  Other marked AC/JPCC 
CRS vs. distress M. 
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Figure 97.  Other marked AC/JPCC 
CRS vs. distress O. 
0
1
2
3
4
5
6
7
8
9
0 1 2 3 4 5
Overlayed Patch Reflective Cracking
C
R
S
 
Figure 98.  Other marked AC/JPCC 
CRS vs. distress P. 
  76
0
1
2
3
4
5
6
7
8
9
0 1 2 3 4 5
Longitudinal/Center of Lane Cracking
C
R
S
 
Figure 99.  Other marked AC/JPCC 
CRS vs. distress Q. 
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Figure 100.  Other marked AC/JPCC 
CRS vs. distress R. 
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Figure 101.  Other marked AC/JPCC 
CRS vs. distress S. 
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Figure 102.  Other marked AC/JPCC 
CRS vs. distress T. 
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Figure 103.  Other marked AC/JPCC 
CRS vs. distress U. 
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Figure 104.  Other marked AC/JPCC 
CRS vs. distress W. 
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Figure 105.  Other marked AC/JPCC 
CRS vs. distress X. 
  78
OTHER MARKED JPCC
0
1
2
3
4
5
6
7
8
9
0 100 200 300 400 500 600 700 800
IRI
C
R
S
 
Figure 106.  Other marked JPCC 
CRS vs. IRI. 
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Figure 107.  Other marked JPCC 
CRS vs. faulting. 
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Figure 108.  Other marked JPCC 
CRS vs. distress A. 
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Figure 109.  Other marked JPCC 
CRS vs. distress B. 
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Figure 110.  Other marked JPCC 
CRS vs. distress C. 
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Figure 111.  Other marked JPCC 
CRS vs. distress D. 
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Figure 112.  Other marked JPCC 
CRS vs. distress E. 
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Figure 113.  Other marked JPCC 
CRS vs. distress F. 
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Figure 114.  Other marked JPCC 
CRS vs. distress H. 
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Figure 115.  Other marked JPCC 
CRS vs. distress I. 
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Figure 116.  Other marked JPCC 
CRS vs. distress J. 
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Figure 117.  Other marked JPCC 
CRS vs. distress K. 
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Figure 118.  Unmarked ACP 
CRS vs. IRI. 
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Figure 119.  Unmarked ACP 
CRS vs. rut depth. 
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Figure 120.  Unmarked ACP 
CRS vs. distress L. 
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Figure 121.  Unmarked ACP 
CRS vs. distress M. 
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Figure 122.  Unmarked ACP 
CRS vs. distress O. 
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Figure 123.  Unmarked ACP 
CRS vs. distress P. 
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Figure 124.  Unmarked ACP 
CRS vs. distress Q. 
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Figure 125.  Unmarked ACP 
CRS vs. distress R. 
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Figure 126.  Unmarked ACP 
CRS vs. distress S. 
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Figure 127.  Unmarked ACP 
CRS vs. distress T. 
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Figure 128.  Unmarked ACP 
CRS vs. distress U. 
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Figure 129.  Unmarked ACP 
CRS vs. distress V. 
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Figure 130.  Unmarked ACP 
CRS vs. distress W. 
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Figure 131.  Unmarked AC/JPCC 
CRS vs. IRI. 
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Figure 132.  Unmarked AC/JPCC 
CRS vs. rut depth. 
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Figure 133.  Unmarked AC/JPCC 
CRS vs. distress L. 
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Figure 134.  Unmarked AC/JPCC 
CRS vs. distress M. 
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Figure 135.  Unmarked AC/JPCC 
CRS vs. distress O. 
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Figure 136.  Unmarked AC/JPCC 
CRS vs. distress P. 
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Figure 137.  Unmarked AC/JPCC 
CRS vs. distress Q. 
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Figure 138.  Unmarked AC/JPCC 
CRS vs. distress R. 
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Figure 139.  Unmarked AC/JPCC 
CRS vs. distress S. 
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Figure 140.  Unmarked AC/JPCC 
CRS vs. distress T. 
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Figure 141.  Unmarked AC/JPCC 
CRS vs. distress U. 
0
1
2
3
4
5
6
7
8
9
0 1 2 3
Shoving, Bumps, Sags, Corrugation
C
R
S
 
Figure 142.  Unmarked AC/JPCC 
CRS vs. distress V. 
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Figure 143.  Unmarked AC/JPCC 
CRS vs. distress W. 
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Figure 144.  Unmarked AC/JPCC 
CRS vs. distress X.
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Figure 145.  Unmarked JPCC 
CRS vs. IRI. 
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Figure 146.  Unmarked JPCC 
CRS vs. faulting. 
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Figure 147.  Unmarked JPCC 
CRS vs. distress A. 
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Figure 148.  Unmarked JPCC 
CRS vs. distress B. 
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Figure 149.  Unmarked JPCC 
CRS vs. distress C. 
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Figure 150.  Unmarked JPCC 
CRS vs. distress D. 
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Figure 151.  Unmarked JPCC 
CRS vs. distress E. 
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Figure 152.  Unmarked JPCC 
CRS vs. distress H. 
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Figure 153.  Unmarked JPCC 
CRS vs. distress I. 
0
1
2
3
4
5
6
7
8
9
0 1 2 3
Popouts/High Steel
C
R
S
 
Figure 154.  Unmarked JPCC 
CRS vs. distress J. 
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Figure 155.  Unmarked JPCC 
CRS vs. distress K. 
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Figure 156.  Other marked and 
unmarked ACST CRS vs. IRI. 
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Figure 157.  Other marked and  
unmarked ACST CRS vs. rut depth. 
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Figure 158.  Other marked & unmarked 
ACST CRS vs. distress L. 
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Figure 159.  Other marked &unmarked 
ACST CRS vs. distress M. 
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Figure 160.  Other marked & 
unmarked ACST CRS vs. distress O. 
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Figure 161.  Other marked & unmarked 
ACST CRS vs. distress P. 
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Figure 162.  Other marked & unmarked 
ACST CRS vs. distress Q. 
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Figure 163.  Other marked & unmarked 
ACST CRS vs. distress R. 
0
1
2
3
4
5
6
7
8
9
0 1 2 3 4
Centerline Deterioration
C
R
S
 
Figure 164.  Other marked & unmarked 
ACST CRS vs. distress S. 
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Figure 165.  Other marked & unmarked 
ACST CRS vs. distress T. 
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Figure 166.  Other marked & unmarked 
ACST CRS vs. distress V. 
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Figure 167.  Other marked & unmarked 
ACST CRS vs. distress W. 
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Figure 168.  Other marked & unmarked 
ACPLT CRS vs. IRI. 
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Figure 169.  Other marked & unmarked 
ACPLT CRS vs. rut depth. 
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Figure 170.  Other marked & unmarked 
ACPLT CRS vs. distress L. 
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Figure 171.  Other marked & unmarked 
ACPLT CRS vs. distress M. 
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Figure 172.  Other marked & unmarked 
ACPLT CRS vs. distress O. 
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Figure 173.  Other marked & unmarked 
ACPLT CRS vs. distress P. 
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Figure 174.  Other marked & unmarked 
ACPLT CRS vs. distress Q. 
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Figure 175.  Other marked & unmarked 
ACPLT CRS vs. distress S. 
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Figure 176.  Other marked & unmarked 
ACPLT CRS vs. distress T. 
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Figure 177.  Other marked & unmarked 
ACPLT CRS vs. distress U. 
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Figure 178.  Other marked & unmarked 
ACPLT CRS vs. distress V. 
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Figure 179.  Other marked & unmarked 
ACPLT CRS vs. distress W. 
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Figure 180.  Other marked & unmarked 
AC/CRCP CRS vs. IRI. 
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Figure 181.  Other marked & unmarked 
AC/CRCP CRS vs. rut depth. 
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Figure 182.  Other marked & unmarked 
AC/CRCP CRS vs. distress L. 
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Figure 183.  Other marked & unmarked 
AC/CRCP CRS vs. distress M. 
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Figure 184.  Other marked & unmarked 
AC/CRCP CRS vs. distress O. 
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Figure 185.  Other marked & unmarked 
AC/CRCP CRS vs. distress P. 
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Figure 186.  Other marked & unmarked 
AC/CRCP CRS vs. distress Q. 
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Figure 187.  Other marked & unmarked 
AC/CRCP CRS vs. distress R. 
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Figure 188.  Other marked & unmarked 
AC/CRCP CRS vs. distress S. 
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Figure 189.  Other marked & unmarked 
AC/CRCP CRS vs. distress T. 
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Figure 190.  Other marked & unmarked 
AC/CRCP CRS vs. distress U. 
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Figure 191.  Other marked & unmarked 
AC/CRCP CRS vs. distress W. 
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Figure 192.  Other marked & unmarked 
AC/CRCP CRS vs. distress X. 
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Figure 193.  Other marked & unmarked 
AC/BBO CRS vs. IRI. 
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Figure 194.  Other marked & unmarked 
AC/BBO CRS vs. rut depth. 
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Figure 195.  Other marked & unmarked 
AC/BBO CRS vs. distress L. 
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Figure 196.  Other marked & unmarked 
AC/BBO CRS vs. distress M. 
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Figure 197.  Other marked & unmarked 
AC/BBO CRS vs. distress O. 
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Figure 198.  Other marked & unmarked 
AC/BBO CRS vs. distress P. 
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Figure 199.  Other marked & unmarked 
AC/BBO CRS vs. distress Q. 
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Figure 200.  Other marked & unmarked 
AC/BBO CRS vs. distress R. 
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Figure 201.  Other marked & unmarked 
AC/BBO CRS vs. distress S. 
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Figure 202.  Other marked & unmarked 
AC/BBO CRS vs. distress T. 
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Figure 203.  Other marked & unmarked 
AC/BBO CRS vs. distress W. 
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Figure 204.  Other marked & unmarked 
CRCP CRS vs. IRI. 
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Figure 205.  Other marked & unmarked 
CRCP CRS vs. distress A. 
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Figure 206.  Other marked & unmarked 
CRCP CRS vs. distress B. 
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Figure 207.  Other marked & unmarked 
CRCP CRS vs. distress D. 
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Figure 208.  Other marked & unmarked 
CRCP CRS vs. distress E. 
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Figure 209.  Other marked & unmarked 
CRCP CRS vs. distress F. 
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Figure 210.  Other marked & unmarked 
CRCP CRS vs. distress I. 
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Figure 211.  Other marked & unmarked 
CRCP CRS vs. distress J. 
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Figure 212.  Other marked & unmarked 
CRCP CRS vs. distress K. 
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APPENDIX E.  2003 AND 2006 MODEL GRAPHS BY PAVEMENT 
TYPE 
  100
INTERSTATE ACP 
Data used with 2005 database for model development 
INTERSTATE AC/JPCC 
3
4
5
6
7
8
9
0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00 100.00
Percent Records
C
R
S
CRS Current Model 9.0 Model Standard Model
 
Figure 213.  Interstate AC/JPCC models, 2003. 
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Figure 214.  Interstate AC/JPCC models, 2006. 
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Figure 215.  Interstate AC/JPCC predicted vs. actual CRS, 2003. 
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Figure 216.  Interstate AC/JPCC predicted vs. actual CRS, 2006. 
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Figure 217.  Interstate AC/JPCC sensitivity analysis, 2003. 
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Figure 218.  Interstate AC/JPCC sensitivity analysis, 2006. 
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Figure 219.  Interstate AC/CRCP models, 2003. 
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Figure 220.  Interstate AC/CRCP models, 2006. 
  104
3
4
5
6
7
8
9
3 4 5 6 7 8 9
Actual CRS
Pr
ed
ic
te
d 
C
R
S
Current Model 9.0 Model Standard Model
 
Figure 221.  Interstate AC/CRCP predicted vs. actual CRS, 2003. 
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Figure 222.  Interstate AC/CRCP predicted vs. actual CRS, 2006. 
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Figure 223.  Interstate AC/CRCP sensitivity analysis, 2003. 
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Figure 224.  Interstate AC/CRCP sensitivity analysis, 2006. 
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Figure 225.  Interstate CRCP models, 2003. 
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Figure 226.  Interstate CRCP models, 2006. 
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Figure 227.  Interstate CRCP predicted vs. actual CRS, 2003. 
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Figure 228.  Interstate CRCP predicted vs. actual CRS, 2006. 
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Figure 229.  Interstate CRCP sensitivity analysis, 2003. 
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Figure 230.  Interstate CRCP sensitivity analysis, 2006. 
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Figure 231.  Other marked & unmarked ACP models, 2003. 
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Figure 232.  Other marked & unmarked ACP models, 2006. 
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Figure 233.  Other marked & unmarked ACP predicted vs. actual CRS, 2003. 
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Figure 234.  Other marked & unmarked ACP predicted vs. actual CRS, 2006. 
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Figure 235.  Other marked & unmarked ACP sensitivity analysis, 2003. 
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Figure 236.  Other marked & unmarked ACP sensitivity analysis, 2006. 
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Figure 237.  Other marked & unmarked AC/JPCC models, 2003. 
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Figure 238.  Other marked & unmarked AC/JPCC models, 2006. 
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Figure 239.  Other marked & unmarked AC/JPCC predicted vs. actual CRS, 2003. 
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Figure 240.  Other marked & unmarked AC/JPCC predicted vs. actual CRS, 2006. 
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Figure 241.  Other marked & unmarked AC/JPCC sensitivity analysis, 2003. 
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Figure 242.  Other marked & unmarked AC/JPCC sensitivity analysis, 2006. 
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Figure 243.  Other marked & unmarked AC/CRCP Models, 2003. 
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Figure 244.  Other marked & unmarked AC/CRCP Models, 2006. 
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Figure 245.  Other marked & unmarked AC/CRCP predicted vs. actual CRS, 2003. 
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Figure 246.  Other marked & unmarked AC/CRCP predicted vs. actual CRS, 2006. 
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Figure 247.  Other marked & unmarked AC/CRCP sensitivity analysis, 2003. 
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Figure 248.  Other marked & unmarked AC/CRCP sensitivity analysis, 2006. 
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Figure 249.  Other marked & unmarked AC/BBO models, 2003. 
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Figure 250.  Other marked & unmarked AC/BBO models, 2006. 
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Figure 251.  Other marked & unmarked AC/BBO predicted vs. actual CRS, 2003. 
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Figure 252.  Other marked & unmarked AC/BBO predicted vs. actual CRS, 2006. 
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Figure 253.  Other marked & unmarked AC/BBO sensitivity analysis, 2003. 
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Figure 254.  Other marked & unmarked AC/BBO sensitivity analysis, 2006. 
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Figure 255.  Other marked & unmarked JPCC models, 2003. 
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Figure 256.  Other marked & unmarked JPCC models, 2006. 
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Figure 257.  Other marked & unmarked JPCC predicted vs. actual CRS, 2003. 
 
 
0
1
2
3
4
5
6
7
8
9
0 1 2 3 4 5 6 7 8 9
Actual CRS
Pr
ed
ic
te
d 
C
R
S
Current Model 9.0 Model Standard Model
 
Figure 258.  Other marked & unmarked JPCC predicted vs. actual CRS, 2006. 
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Figure 259.  Other marked & unmarked JPCC sensitivity analysis, 2003. 
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Figure 260.  Other marked & unmarked JPCC sensitivity analysis, 2006. 
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Data combined with 2005 database for model development. 

